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(54) Cordless telephone 

(57) A cordless telephone arranged for operation in a frequency hopping system automatically modifies a frequency 
hopping sequence in the presence of interference detected on its in-use communication channels. Substitute alternative 
communication channels are identified and then substituted for those communication channels experiencing the 
interference without disruption of communications between a handset unit (20) in the cordless telephone and its associated 
base unit (10). 



FIG. 1 

BASE 10 



135 



RF TRANSCEIVER 



SIGNAL STRENGTI 



AL 51KtNi 
MONITOR 



101 



160 



102 
115 



TELEPHONE 

Circuit 



CLOCK 



110 



D/A 
A/D 



125 
120 



150 



FREQ 
SYNTH 



TIME 00UAIS OUPLEXER 



. RF UNK 



HANDSET 2C 



CONTROL UNIT j 



103 201 

y CHARGE 

CONTACT 




"V" 



[ CONTACT, _ 

-lklCi INTERFACE 2 C2^T 



COKTnOL US:' 



POWER 
CIRCUIT 



170 



TELEPHONE CIRC- TS 



! an: <Er-A: 



v — I EATTE*? 



o 

ro 
ro 
ro 

CD 



BNSDOCIO <GB 2261U1A_L> 




BNSDOCID: <GB 2261141A_I_> 



( ENTER ) 




FIG. 2 



207 



HANDSET SENDS OPCODE TO BASE TO 
EXECUTE CHANNEL CHANGE ROUTINE 
FOR CHANNEL X 



C BASE ENTER CHANNEL CHANGE ROUTINE ) 



FIG. 3 



C ENTER ) 



301 



BASE SENDS OPCODE IDENTIFYING TIME SLOT 
IN WHICH CHANNEL IS TO BE CHANGFD 



X 



302 



HANDSET ACKNOWLEDGES TIME SLOT 




SELECTS CHANNEL Y FROM NEW UST OF 
SUBSTITUTE CHANNELS 



BASE SENDS OPCODE OF CHANNEL Y 



^306 



304 



EXECUTE PSEUDO-RANDOM 
NUMBER ROUTINE 



GENERATE NEW LIST OF 
SUBSTITUTE CHANNELS 
I 



HANDSET ACKNOWLEDGES CHANNEL Y 



I 



BASE AND HANDSET REMOVE CHANNEL X FROM 
TIME SLOT AND INSERT CHANNEL Y THEREFOR 



CeiD 



'307 



308 



BNSOOCID: <GB 22611 41 A_l_> 



I' *» 

3/3 





I . ■ ^ 



W CO 



CP 



CJ> 



CJ> 



C-> 



UJ fj 



CO 



CO 



CO 



CO 



BNSDOCID: <GB 22611 41 A_l_> 



- 1 - 

AN APPARATUS AND METHOD FOR MODIFYING A FREQUENCY 
HOPPING SEQUENCE OF A CORDLESS TELEPHONE OPERATING 
IN A FREQUENCY HOPPING SYSTEM 
Background of the Invention 

5 1. Technical Field 

This invention relates to cordless telephones and more particularly to an 
apparatus and method employed in a cordless telephone for automatically modifying 
a frequency hopping sequence in the presence of interference. 
2. Description of the Prior Art 

1 0 Recent rulings in the United States now allow for increased spectral 

utilization for cordless telephones. Frequency hopping systems spread their energy 
by changing, or hopping the center frequency of the transmission many times a 
second in accordance with a pseudo randomly generated list of communication 
channels. The result is a significantly higher signal to noise ratio than may be 

1 5 achieved by conventional techniques such as amplitude modulation that uses no 

bandwidth spreading. 

These recent rulings provide general guidance for how cordless 
telephones may operate in a spread spectrum system. They do not, however, provide 
specific guidance as to standards required for the compatible operation of these 

20 cordless telephones. Because such standards have not yet been adopted for 

determining the configuration of cordless telephones intended for spread spectrum 
operation, there is a possibility of interference between cordless telephones operating 
in different spread spectrum configurations within a frequency band designated for 
such operation. By way of example, two frequency hopping telephones may be 

25 configured to frequency hop at different rates. In fact, in view of the guidance 
presendy available covering the configuration of these telephones, one telephone 
may hop at twice the rate of the other. Thus, if two frequency hopping cordless 
telephones that are hopping at different rates and operating within reception range of 
each other happen to appear on the same channel at the same time, there is a 

30 likelihood of interference occurring between these two telephones. This interference 
could minimally cause a distortion of information and, at worst, a loss of 
synchronization between a handset or remote unit and an associated base unit of one 
and possibly both of these cordless telephones. This interference could continue as 
both cordless telephones continue to hop to and appear on this channel and possibly 

35 other common channels at the same time. 
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Another source of interference for a cordless telephone operating in a 
frequency hopping system is noise or other signal appearing continually on the 
channel hopped to by the cordless telephone. This type of interference will continue 
to interfere with the cordless telephone each time it hops to this channel. 
5 As cordless telephones configured for frequency hopping operation 

increase in use, the likelihood of interference for such a telephone due to other 
telephones within its reception range being on the same channel at the same time 
will increase. And the interference from noise or other signal appearing on a channel 
in use by the frequency hopping telephone also will have an adverse effect on the 
10 operation of these telephones. It is therefore desirable to minimize the interference 
encountered by a cordless telephone from other cordless telephones and also noise 
and other signals while operating in a frequency hopping system. 
Summary of the Invention 

In accordance with the invention, a cordless telephone arranged for 
15 operation in a frequency hopping system includes an arrangement which, in the 
presence of interference detected on certain communication channels, automatically 
selects and substitutes alternative communication channels to eliminate this 
interference, without disruption of communications between a handset unit in the 
cordless telephone and its associated base unit. 
20 In accordance with a feature of the invention, either the handset unit or 

base unit determines the quality of signal communications between itself and its 
associated unit on each one of a first group of predetermined communication 
channels which are used for communications during a frequency hopping cycle. 
This quality of signal communication is determined by measuring the level of 
25 interference occurring on each one of the channels in this first group of channels. 

In accordance with another feature of the invention, the cordless 
telephone selects one or more channels from a second group of predetermined 
communication channels. Each channel selected from this second group of channels 
is substituted for one of the channels in the first group of channels upon which the 
30 interference is detected during the frequency hopping cycle. Once the base unit or 
handset unit communicates to the other that a channel change is needed, the base unit 
selects the appropriate number of channels from the second group of channels and 
through a process acknowledged by the handset unit, communicates the alternative 
channel information to the handset unit. Once the information has been 
35 communicated and acknowledged, the base unit and the handset unit both substitute 
into the frequency hopping cycle these alternative communication channels for those 
communication channels upon which the interference was detected. 
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Brief Description of the Drawings 

The invention and its mode of operation will be more clearly understood 
from the following detailed description when read with the appended drawing in 
which: 

5 FIG. 1 is a functional block representation of a cordless telephone base 

unit and handset unit both operative in accordance with the principles of the present 
invention; 

FIG. 2 shows the protocol of the cordless telephone depicting the 
specific process within the base unit or the handset unit in the cordless telephone in 
10 response to interference detected on a communication channel.in accordance with 
the invention; 

FIG. 3 shows the protocol of the cordless telephone depicting the 
specific interaction between the base unit and the handset unit in executing a channel 
change routine, in accordance with the invention; and 
15 FIG. 4 shows in detail certain aspects of the protocol depicted in FIG. 3 

for operation of the channel change routine in accordance with the invention. 

Throughout the drawing, the same element when shown in more that 
one figure is designated by the same reference numeral. 
Detailed Description 

20 Referring now to FIG. 1 of the drawing, there is shown a general block 

diagram of certain circuitry of a cordless telephone that provides for automatically 
selecting alternative communication channels in response to interference such as 
noise or other signal sources detected on certain in-use communication channels. As 
shown, the cordless telephone generally comprises a base unit 10 and a handset 

25 unit 20 which are both operable over a plurality of communication channels in a 

frequency hopping system. 

A general overview of spread spectrum technology including frequency 
hopping systems is provided by R. C. Dixon, Spread Spectrum Systems, New York: 
John Wiley & Sons, 1984. The specific requirements for the frequency hopping 
30 system in which this cordless telephone is designed to operate are set forth in a 
Report and Order in General Docket No. 89-354, this Report and Order being 
adopted by the Federal Communications Commission on June 14, 1990 and released 
on July 9, 1990. 

Included in the base unit 10 are a control unit 1 10, a clock 1 15 for 
35 providing synchronization to: 1) the control unit 1 10, 2) a time domain duplexer 
(TDD) 120 and 3) a.combined digital-to-analog and analog-to-digital (D/A+A/D) 
convener 125. Also included in the base unit 10 is a radio frequency (RF) 
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transceiver 130, a signal strength monitor circuit 135, an antenna 140 and a 
frequency synthesizer 150. A telephone circuit 160 in the base unit 10 connects this 
unit to a central office or other appropriate switch through tip and ring lines 101 
and 102. The transceiver 130 comprise both an RF transmitter and an RF receiver. 
5 The transceiver 130 demodulates voice signals transmitted by the handset unit 20 
and couples these signals via the D/A section of converter 125 to the telephone 
circuit 160. The transceiver 130 also has as its input speech and other control signals 
from the telephone circuit 160 which are first coupled through the A7D section of 
converter 125 before being transmitted to the handset unit 20 by this transceiver 130. 
10 The telephone circuit 160 serves as a "plain old telephone service" (POTS) interface 
for signals on the tip-ring lines 101 and 102 and for those signals received from the 
handset unit 20 by the RF transceiver 130. Finally a power circuit 170 provides 
operating power for all of the circuitry in the base unit 10. 

The control unit 1 10 advantageously provides a number of control 
15 functions and may be implemented through the use of a microcomputer containing 
read-only-memory (ROM), random-access-memory (RAM) and through use of the 
proper coding. Such a microcomputer is known in the art and is readily available 
from semiconductor manufacturers such as Signetics, Intel and AMD. 

The control unit 110 generates and stores security code data and also 
20 generates a pseudo random data list having a first group of 52 data values which 
correspond to a first set of 50 random channels and a second set of two random 
channels selected from 173 possible channels available in the 902-928 MHz 
frequency band. The first set of 50 random channels is used during a frequency 
hopping cycle executed in accordance with the Federal Communication 
25 Commission's General Docket No. 89-354. The second set of two random channels 
is used during an initialization process described in greater detail later herein. 

In accordance with the invention, the control unit 1 10 also generates in a 
pseudo random manner a second group of, for example, 10 data values which 
correspond to a set of 10 random channels. These channels also are selected from 
30 the 173 channels available in the 902-928 MHz frequency band If interference is 
detected by the base unit or the handset unit on any one or more of the first set of 
channels in the first group during the frequency hopping cycle, the affected unit 
initiates a channel change process whereby one or more channels are selected from 
the second group of channels for substitution for the channel or channels in the first 
35 group of channels upon which the interference was detected. 
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The security code data is generated while the handset unit 20 is in a 
mating cradle in the base unit 10 and is provided to the handset unit 20 in accordance 
with the teachings of United States Patent 4,736,404 issued to R. E. Anglikowski, et 
al. on April 5, 1988. The security code data stored in control unit 1 10 is transmitted 
5 between the base unit 10 and the handset unit 20 via a battery charge contact 
interface formed by contacts 103 and 104 located on the base unit which interface 
with contacts 201 and 202 located on the handset unit 20. The security code, 
provided during an initialization process described later herein, is transmitted while 
establishing initial communications or call set-up during the time that the handset 
10 unit 20 is located remote from the base unit 10 as well as during the transfer of 
subsequent opcode data between these units during ongoing communications. 

Like the security code data, the pseudo randomly generated data list is 
generated when the handset unit 20 is in the mating cradle in the base unit 10. The 
data list, which includes the first group of 52 data values, also is transmitted between 
1 5 the base unit 10 and the handset unit 20 via the battery charge contact interface 

during the initialization process. The second group of 10 data values are retained in 
the base unit 20 for use as needed, as described in further detail later herein. It will „ 
become apparent to those skilled in the art that the pseudo randomly generated data . 
list alternatively could be generated in the handset unit 20 and transmitted to the base 
20 unit 10 via the battery charge contact interface during the initialization process 
without departing from the spirit and scope of this invention. Similarly, it also will 
become apparent that the second group of data values could be generated and 
retained in the handset unit 20 without departing from the spirit and scope of the 
invention. The first and second group of data values may be generated in a pseudo 
25 random manner in accordance with the teaching of S. W. Golomb in Digital 

Communications With Space Applications (New Jersey: Prentice-Hall 1964) pp. 7- 
15. 

The control unit 1 10 also controls and configures the TDD 120. The 
pseudo randomly generated data list from the control unit 1 10 is provided to the 

30 TDD where it is stored therein. The TDD 120, in turn, controls the frequencies 
selected in the frequency hopping cycle of the base unit 10 by inputting into the 
frequency synthesizer 150 at the appropriate time the values stored in the data list 
generated by the control unit 110. The TDD 120 also refreshes the frequency 
synthesizer 150 as the synthesizer progresses though the frequency hopping cycle. 

35 in order for the base unit 10 to achieve effective coverage throughout its 

operating range, the signal strength monitor circuit 135 continually monitors the 
strength of the received signal from the handset unit 20 during ongoing 
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communications with the handset unit 20. This signal strengtn monitor circuu idj 
may be, for example, a received signal strength indicator (RSSI) circuit. This RSSI 
circuit produces an output voltage that is proportional to the strength of the received 
signal from the handset unit 20. 
5 Responsive to the strength of the received signal from the handset 

unit 20, as determined by the signal strength monitor 135, the control unit 110 
regulates the amount of power transmitted by the RF transceiver 130 to the handset 
unit 20. Thus when the handset unit 20 is in close proximity to the base unit 10, the 
level of power radiated by the RF transceiver 130 is reduced to a minimum 
10 acceptable level. And when the handset unit 20 is determined to be located near the 
fringe of the telephone's operating range, the level of power radiated by RF 
transceiver 130 is increased to its maximum permitted level. 

Referring next to the handset unit 20, components in this unit include a 
control unit 210, a wake-up timer 212 and a clock 215 for providing synchronization 
15 to: 1) the control unit 210, 2) a time domain duplexer (TDD) 220 and 3) a combined 
digital-to-analog and analog-to-digital (D/A+A/D) converter 225. Also included in 
the handset unit 20 are an RF transceiver 230, a signal strength monitor circuit 235, 
an antenna 240 and a frequency synthesizer 250. A telephone circuits and keypad 
section 260 permits dialing telephone digits and selecting such functions as talk, 
20 intercom and page modes for the handset unit 20 to communicate with the base 
unit 10. A battery 270 provides operating power for all the circuitry in the handset 
unit 20. This battery is charged by the power circuit 170 via the charge contact 
interface 103, 104 and 201, 206 formed when the handset unit 20 is placed in the 

mating cradle of the base unit 10. 

25 The transceiver 230 comprises both an RF transmitter and an RF 

receiver. This transceiver 230 demodulates voice signals transmitted by the base 
unit 10 and couples these signals via the D/A section of converter 225 and a 
hybrid 283 on to a loudspeaker 281. The transceiver 230 also has as its input analog 
speech signals from a microphone 282 which it transmits to the base unit 10. These 

30 analog speech signals are coupled to the transceiver via the hybrid 283 and the A/D 
section of converter 225. This converter converts the analog signal to a digital signal 
which is then provided to the RF transceiver 230. Conventional amplifiers 284 and 
285 are employed for respectively amplifying the analog speech signals obtained 
from the microphone 282 and provided to the loudspeaker 281. The signal strength 

35 monitor 235 monitors the received signal level from the base unit 10 and accordingly 
varies the level of the output power radiated by the RF transceiver 230 in proportion 
to this received signal level. 
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With reference to the initialization process, this is the process that 
configures the handset unit 20 for communicating with the base unit 10 and takes 
place when the handset unit is placed in the mating cradle of the base unit 10. 
Included in the telephone circuit and keypad section 260 is an in-cradle detector (not 
5 shown) for detecting when the handset unit is inserted in the mating cradle on the 
base unit. This in-cradle detector also signals the control unit 210 whenever the 
handset unit 20 is inserted in the cradle. During the initialization process, the control 
unit 210 interfaces with and communicates with the control unit 1 10 in the base 
unit 10. As a part of this communication, the control unit 210 receives the pseudo 
10 randomly generated data list and the security code data from the control unit 1 10 
over the charge contact interface 103, 104 and 201, 202. Once this data has been 
received, the control unit 210 acknowledges receipt of the data by echoing this same 
data back to the base unit 10 via the charge contact interface. 

Any communications between the base unit 10 and the handset unit 20 
15 must be accompanied by the security code then shared between them. During the 
establishing of initial communications between the handset unit 20 and the base 
unit 10 initiated by the base unit 10, the control unit 210 must be able to make a 
favorable comparison of the received security code data with its stored security code 
data. Similarly, a favorable comparison of the data from the two security codes also 
20 must be made by control unit 1 10 in order for the base unit 10 to respond to a call 
set-up request from a handset unit Like the control unit 1 10, the control unit 210 
may be implemented through the use of a microcomputer containing ROM, RAM 
and through use of the proper coding. Such a microcomputer is known in the art and 
is readily available from semiconductor manufacturers such as Signetics, Intel and 
25 AMD. 

While the handset unit 20 is not being used for communications and is 
located remote from the base unit 10, the handset unit 10 enters a low power 
monitoring mode which includes powering down and then powering up certain 
minimum circuitry in the handset unit 20 as necessary for satisfactory operation. 

30 Reducing the on-time state of this circuitry aids in conserving battery power when no 
communications are in progress between the handset unit and the base unit. Also, 
other circuitry in the handset unit 20 is turned completely off while the handset unit 
is in this monitoring mode. In powering down the handset unit 20, the control 
unit 210 turns itself off or puts itself to sleep and signals the TDD 220 also to turn 

35 off while in the powered down state. Before turning off, the TDD 220 activates 
wake-up timer 212, which comprises, for example a one-shot-monostable- 
multivibrator, and tums off all other clock-driven circuitry in the handset unit 20. 
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After approximately 360 milliseconds, the handset unit 20 is powered up into a 
minimum power operating state for 40 milliseconds. This change of state is initiated 
by a pulse provided to the TDD 220 from wake-up timer 212 at the end of the 360 
milliseconds. The TDD 220 is enabled thereby and, in turn, turns on the control 
5 unit 210, the clock 215 and the receiver portion of the transceiver 230 for 

determining if an RF signal is being transmitted from the base unit 10 or if a key has 
been pushed on the keypad in the handset unit 20. If neither of these has occurred, 
the control unit 210 again turns off power to itself and to the TDD 220, and the cycle 
is repeated. This low power monitoring mode continues as long as an RF signal is 
10 not received from the base unit 10 or a key is not pushed on the keypad. 

When an RF signal is received from a base unit, this signal is coupled to 
the control unit 210 which looks for an initialization synchronization (sync) pattern 
in the signal within the 40 milliseconds that the handset unit is powered up to its 
minimum power operating state. If the received initialization sync pattern does not 
15 contain the security code that is recognized by the handset unit, the control unit 210 
turns off power to itself and to the TDD 220. If the initialization sync pattern does 
contains the security code that is recognized by the handset unit, however, the 
control unit 210 causes the low power monitoring mode to be overridden. In so 
doing, the control unit 210 continues to enable the TDD 220 beyond its normal ON 
20 time in order to establish synchronization with the RF signal being received from the 
base unit. The low power monitoring mode of the handset unit 20 also is overridden 
by certain key pushes on the keypad as well as when the handset unit is placed into 
the mating cradle in the base unit 10 so that an exchange of data between the handset 
unit and base unit can take place through the battery charge contact interface then 

25 existing there between. 

Communications between the base unit 10 and the handset unit 20 occur 
in time periods designated as transmission frames. In a frame, the base unit and the 
handset unit both transmit to each other. A typical transmission frame may be, for 
example, 5 milliseconds in length and contain time slots for approximately 500 bits 

30 of information. In operation, the base unit generally transmits in the first half of 
each frame or for 2.5 milliseconds and is then reconfigured to receive a signal from 
the handset unit which transmits in the second half of each frame or for 2.5 
milliseconds on the same frequency. The handset unit operates in complementary 
fashion to the base unit in that it receives in the first half of each frame and is 

35 reconfigured to transmit in the second half of each frame. This cyclic frame 

transmission generates 80 frames in approximately 400 milliseconds with the base 
unit and handset unit both transmitting on each of the 50 communication channels. 
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Both the base unit and the handset unit may initiate a call to each other. 
As earlier indicated, channels 50 and 51 in the first group of channels are the 
channels used for initiating communications between the base and handset units. 
When the base unit 10 is initiating a call to the handset unit 20, the base unit sends 

5 the initialization synchronization pattern on channel 5 1 in the first part of each frame 
for 400 milliseconds. When the handset unit is initiating a call to the base unit, the 
handset unit also sends this same initialization synchronization pattern on channel 51 
but in time periods equal to the second part of each frame for 120 milliseconds. This 
synchronization pattern comprises a dotting sequence signal, followed by a security 

10 code, a barker code and a period in which no information is transmitted as discussed 
later herein. 

The dotting sequence signal is a series of one and zeros that are 
provided for enabling the handset unit 20, and also the base unit 10, to align the 
phase of its receive clock with the phase of the clock providing the incoming signal. 
15 When the phase of these clocks is aligned, the handset unit is then able to read in the 
proper bit boundary the security code and barker code that follow the dotting 
sequence signal. 

When attempting to contact the handset unit, the base unit sends 198 
bits of the dotting sequence signal followed by the security code. This security code 
20 is a 16 bits random number generated by the base unit and, as earlier indicated, is 
transferred to the control unit 210 in the handset unit 20 over the battery charge 
contacts while the handset unit is in the cradle of the base unit 10. This shared 
security code guards against another base unit inadvertently synchronizing with this 
handset unit. 

25 The security code is followed in the initialization synchronization 

pattern by the barker code. This barker code is a fixed predetermined eight-bit 
pattern which provides a position reference in a frame for aligning a frame clock of 
the receiver in the handset unit with the frame clock of the transmitter in the base 
unit. This permits the handset unit 20 to re-establish frame sync or frame phase with 

30 the base unit 10 after the handset unit has been turned off during its low power 
monitoring mode of operation. When aligning with the handset unit 20, a frame 
clock in the receiver of the base unit 10 must similarly be aligned with a frame clock 
of the transmitter in the handset unit. 

After the base unit 10 transmits the security code and barker code in the 

35 initialization sync pattern, no additional information is sent by the base unit in each 
frame for a time period equal to 30-bits. A delay is provided in this time period for 
certain internal processing to occur, including, for example, the reconfiguring of the 
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frequency synthesizer 150 for receiving the initialization sync pattern from the 
handset unit 20. 

Once the alignment of the frame position of the handset unit receiver 
with the base unit transmitter has been achieved, synchronization for the handset unit 
5 is established. Similarly, the alignment of the frame position of the base unit receiver 
with the handset unit transmitter also establishes synchronization for the base unit. 

During ongoing communications and in accordance with the invention, 
either the base unit 10 or the handset unit 20 is able to determine the quality of signal 
communications between itself and its associated unit on each one of the first group 
10 of predetermined communication channels which are used during the frequency 
hopping cycle. This is achieved by each of these units by examining a set of 
received parameters contained in its received signal and then comparing this set of 
received parameters with a common set of stored parameters that are contained in 
both of these units. A favorable comparison of the received parameters with the 
15 stored parameters is indicative of good quality signal communications and an 

unfavorable comparison of these two parameters is indicative of poor quality signal 
communications. More specifically, this quality of signal communications is 
determined by providing a measure of the number of security code and barker code 
bits that are received incorrectiy in a frame in either the base unit or the handset unit 
20 while on each channel Both the TDD 120 in the base unit 10 and the TDD 220 in 
the handset unit 20 are configured for detecting and comparing in each channel the 
received bits of the security code and the barker code received from each other. If 
these bits are not received or the bits received in reception time slots reserved for 
these bits in the frame are different from what was expected, the TDD receiving this 
25 discrepancy determines that the channel over which it is then communicating is 
being interfered with in that it contains noise or other unrecognizable signals. The 
TDD receiving this signal then informs its associated control unit that an interfering 
signal has appeared on the present channel and that this channel should be monitored 
for reoccurrence of this interference. The control unit stores each one of the 
30 interfering occurrences for this channel up to, for example, 50 occurrences after 
which the control unit starts a process which allows the base unit 10 and the handset 
unit 20 to remove this channel from the frequency hopping cycle and replace it with 
a selected channel from the second group of channels. 

Referring next to FIG. 2, there is shown the protocol of the cordless 
35 telephone depicting the specific process operable within either the handset or the 
base unit, such protocol being responsive to interference detected on a 
communication channel. The protocol begins at decision 203 where both the base 
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unit 10 and the handset unit 20 separately check to determine if the received security 
and barker codes received on channel X are correct If these codes are received 
correctly in this step, the protocol is exited. If these codes are not received correcdy 
by either the handset unit or the base unit, however, an error counter in the control 

5 unit of the associated handset unit or base unit is advanced one count in accordance 
with step 204 for each time the security code and barker codes are received 
incorrecdy. The process next advances to decision 205 where the total error count 
for channel X is determined. If the error count has advanced to a count N, where N 
is, for example, equal to 50, the protocol advanced to step 206. If however, the error 

10 count for channel X has not advanced to N, the protocol is exited. Each one of the 
channels in the first set of the first group of communication channels is monitored in 
this manner for errors received in the security and barker codes. 

At decision 206, it is determined whether the incorrect codes were 
received in the handset unit 20. If so, then the base unit has to be instructed to 

1 5 execute the channel change routine which resides in the base unit. This routine is 
described later herein with reference to FlGs. 3 and 4. The protocol thus advances to 
step 207 where the handset unit 20 sends an opcode to the base unit informing the 
base unit to execute the channel change routine for substituting another channel in 
the time slot occupied by channel X. From step 207 the protocol is exited and the 

20 base unit enters the channel change routine. If in decision 206, the incorrect codes 
received were not in the handset unit, then they would have been received in the base 
unit and thus from the NO branch of this decision the protocol also enters the base 

unit channel change routine. 

Referring next to FIG. 3 there is shown the protocol of the cordless, 

25 telephone depicting the specific interaction between the base unit and the handset 
unit in executing a channel change routine. The protocol begins at step 301 where 
the base unit 10 sends an opcode to the handset unit identifying the time slot in 
which the channel is to be changed. From step 301 the protocol advances to step 302 
where the handset unit acknowledges the time slot by transmitting back to the base 

30 unit this opcode reflective of this time slot. From step 302 the protocol advances to 
decision 303 where it is determined if a substitute channel is available in the base 
unit for substituting into the time slot identified by the base unit. If a substitute 
channel is available in the base unit at step 303 the protocol advances to step 305. If 
a substitute channel is not available in the base unit, however, the protocol advances 

35 to step 304 where the base unit executes a pseudo random number routine whereby it 
generates a new list, typically 10, of substitute channels. The channels in this new 
list are necessarily different from those previously generated in the first and second 
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group of channels, this process for generating these two groups of channels being 
described earlier herein. As the requirement for new substitute channels appear, the 
random number routine will generate new channels in each subsequent list until all 
the unused and available channels have been exhausted. Once all available channels 
5 have been used once, the random number routine recycles the previously used 
channels in an attempt to identify channels that will not be interfered with by noise 
or other signals. From step 304 the protocol advances to step 305. 

At step 305 the base unit selects a channel Y from the new list of 
substitute channels. The protocol next advances to step 306 where the base unit 
10 sends the opcode indicative of channel Y to the handset unit. The protocol next 

advances to step 307 where the handset unit acknowledges receipt of channel Y back 
to the base unit. From step 307 the protocol advances to step 308 where the base and 
handset unit both remove channel X from the time slot and insert channel Y in this 
time slot. From step 308 the protocol is exited. 
15 with reference to FIG. 4 there is shown in further detail certain aspects 

of the protocol depicted in FIG. 3 for operation of the channel change routine. Once 
the base unit has either decided to change or been requested to change the channel in 
a time slot because of interference received in this time slot, the base unit sends the 
opcode representative of the time slot to the handset unit and the handset unit 
20 receives this opcode reflecting this time slot. The handset in turn sends an 

acknowledge (ACK) signal which includes the opcode of the time slot back to the 
base unit. The base unit next sends the opcode of the new channel to the handset 
unit. In turn, the handset unit sends an ACK signal which includes the opcode of the 
new channel. The base unit then sends the final ACK signal to the handset unit. 
25 After receipt of this final ACK signal, both the handset unit and base unit insert the 
new channel in the designated time slot and continue with the frequency hopping 
routine which then includes this new channel. 
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Claims: 

1. A method of communicating between a base unit and a handset unit in 
a cordless telephone employed in a frequency hopping system, the base unit and the 
handset unit being capable of communicating over any one of a plurality of 
communication channels, CHARACTERIZED IN THAT the method comprising the 
5 steps of: 

detecting interference occurring on at least one of a first group of 
predetermined communication channels within the plurality of communication 
channels, the first group of predetermined communication channels being used for 
communication between the base unit and the handset unit during a frequency 

10 hopping cycle; and 

selecting one or more communication channels from a second group of 
predetermined communication channels within the plurality of communication 
channels for substituting for each communication channel in the first group of 
predetermined communication channels upon which interference is detected during 

15 the frequency hopping cycle. 

2. The method of claim 1 CHARACTERIZED IN THAT the detecting 
step further comprises the step of determining the quality of signal communications 
between the base unit and the handset unit, the determining step including the step of 

20 examining a set of received parameters contained in a signal received during 
communications on each one of the first group of predetermined communication 
channels, the quality of signal communications between the base unit and the 
handset unit being determined by a comparison of this set of received parameters 
with a set of stored parameters within the handset unit and base unit, a favorable 

25 comparison of the set of received parameters with the set of stored parameters being 
indicative of a good quality signal and an unfavorable comparison of these two sets 
of parameters being indicative of a poor quality signal containing interference. 

3. The method of claim 2 CHARACTERIZED IN THAT the set of 
30 received parameters comprises a security code and a barker code contained in the 

received signal. 

4. The method of claim 2 CHARACTERIZED IN further comprising a 
step of incrementing a variable with each unfavorable comparison between the set of 

35 received parameters and the set of stored parameters. 
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5. The method of claim 4 further CHARACTERIZED IN THAT wherein 
Tesponsive to the incrementing step reaching a predetermined number, the selecting 
step selecting one of the communication channels from the second group of channels 
for substituting for the communication channel in the first group containing the 

5 interference. 

6. The method of claim 1 further CHARACTERIZED IN comprising the 
step of generating the second group of predetermined communication channels from 
the plurality of communication channels, the generating step further including the 

1 0 step of pseudo-randomly selecting additional channels for use in the second group of 
predetermined communication channels from the plurality of communication 
channels, 

7. The method of claim 6 CHARACTERIZED IN THAT the additional 
1 5 channels selected from the plurality of communication channels by the generating 

step are those not previously selected and included in the first group of 
predetermined communication channels and those not previously selected and 
included in the second group of predetermined communication channels. 

8. The method of claim 7 further CHARACTERIZED IN comprising a 
recycling step, responsive to the generating step selecting all available channels from 
the plurality of communication channels, the recycling step recycling all of the 
previously used channels for reuse by the selecting step. 

2 5 9. An arrangement for providing communicating between a base unit 

(10) and a handset unit (20) in a cordless telephone employed in a frequency hopping 
system, the base unit and the handset unit being capable of communicating over any 
one of a plurality of communication channels, CHARACTERIZED IN THAT the 

arrangement comprises: 
5Q means (120, 220) for detecting interference occurring on at least one of 

a first group of predetermined communication channels within the plurality of 
• communication channels, the first group of predetermined communication channels 
being used for communication between the base unit and the handset unit during a 
frequency hopping cycle; and 
35 means (1 10, 210) for selecting one or more communication channels 

from a second group of predetermined communication channels within the plurality 
of communication channels for substituting for each communication channel in the 



20 
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first group of predetermined communication channels upon which interference is , 
detected during the frequency hopping cycle. 

10. The arrangement of claim 9 CHARACTERIZED IN THAT the 
5 detecting means further comprises means for determining the quality of signal 

communications between the base unit and the handset unit, the determining means 
including means for examining a set of received parameters contained in a signal 
received during communications on each one of the first group of predetermined 
communication channels, the quality of signal communications between the base 

1 0 unit and the handset unit being determined by a comparison of the set of received 
parameters with a set of stored parameters within the handset unit and base unit, a 
favorable comparison of the set of received parameters with the set of stored 
parameters being indicative of a good quality signal and an unfavorable comparison 

15 of these two sets of parameters being indicative of a poor quality signal containing 
interference. 

11. The arrangement of claim 10 CHARACTERIZED IN THAT the set 
of received parameters comprises a security code and a barker code contained in the 

20 received signal. 

12. The arrangement of claim 10 CHARACTERIZED IN THAT the 
selecting means includes counter means, the counter means being incremented after 

25 each unfavorable comparison between the set of received parameters and the set of 
stored parameters. 

13. The arrangement of claim 1 2 CHARACTERIZED IN THAT wherein 
responsive to the counter means incrementing to a predetermined number, the 

30 selecting means selecting one of the communication channels from the second group 
of channels for substituting for the communication channel in the first group 
containing the interference. 

14. The arrangement of claim 9 CHARACTERIZED IN THAT the 
35 selecting means further includes means for generating the second group of 

predetermined communication channels from the plurality of communication 
channels, the generating means including means for pseudo-randomly selecting 
additional channels for use in the second group of predetermined communication 
channels from the plurality of communication channels, 
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15. The arrangement of claim 14 CHARACTERIZED IN THAT the 
additional channels selected from the plurality of communication channels by the 
generating means are those not previously selected and included in the first group of 
predetermined communication channels and those not previously selected and 

5 included in the second group of predetermined communication channels. 

16. The arrangement of claim 15 CHARACTERIZED IN further 
comprising recycling means, responsive to the generating means selecting all 
available channels from the plurality of communication channels, the recycling 

1 0 means recycling all of the previously used channels for reuse by the selection means. 
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